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THK  CUKMISTKV  OF  WIIKAT  C.l.LI  KN 
By  (.KoKt.K  <;.  Nasmum.  H  A 


I'NIVEMITV  I'F  Ti>liONTO,  June  isl,  iqi 


To  the  Afi!ii'>-ar, 

Cniveruly  of  T.'toHlo 

^'■''l    bee    to    report    that     Mr.    OeorRe    G.    Na.mith    h.s   passed   natisfaco, 
„an,ina.r,n  in  Physio.oKi.al  Chemistry,  his  major  .subject  for  the  deRree  of  Dc 

''""'r;lKU,re,v,rt  al  .o  that  Mr.  NaHmith',  di.«.r.a.U,n.  ••  The  Chemist^  of 
GhucM  •  is  of  distinction  as  a  contribution  to  the  knowled<e  of  the  subjec 
recon.mend  that  it  be  accepted  for  the  decree  of  Doctor  of  Philosophy. 

A.  B.  MACAl.I."M, 

Pnftiwr  of  Pkyiiolagi 


I  HEREBY  .erlifvth.t  the  thesis  above  mentioned  has  been  accepted  by  th. 
of  the  Tnivcrsitv  of  Toronto,  for  the  decree  of  Doctor  of  Philosophy  in  accorda. 
.be  tern,s  of  the' Statute  in  that  behalf.  ^^^    BREBNER. 

I'NivKKsirv  ov  Toronto,  June  5th,  iqoy. 
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I. -HisroaiiAi 

II.— Obskrvation*  ' 

III.  — PaopiRTiKs  or  Gi.iAf>m '^ 

IV.  — PkOPHRTIKH  ok   Ot-l  IKNIN  

v.— Th«    KhRMRNF   Tlll-A<l»V    >.H    llHTRN    FORMATION  '7 

VI.  -Thk  Alkiros  La.er  ok  Wiikat  " 

VII.  -li'NCLISION--  

VIII.  — BlBLUKiRAPIH  

I        HISTORICAI.. 

•1  HK  first  preparatic  iiuui    from  wheat  flour  by  washing  away 

[the  starch    from   .iuuuh    -     ns   to   have   been    made    by   Hecan.'  but 
Einhof  was  the  first  tu  ^^^-   -special      tention  to  its  composition.     He 
Uxtractsd   wheat   gluten       ^    diiute      Unh.l.  and   he  found   that    the 
"aiubstance  which  precipit.  '         'lin^;,  diluting  or  concentrate-  the 

"  »olution  was  practically  i-  th  gluten  itself. 

Taddei'  named  the  pv  .oluble  in  alcohol  gliadin.  tb     .esidue 

.,    zymom. 

-^  Berzelius*  thought  that  '        .und  a  second  constituent  in  the  part 

\     of  the  gluten  soluble  in  alcoh..       hich  He  called  mucin,  and  which  was 
"4     precipitated  by  acetic  acid.       1  -ar<l.     Taddri',  gliadin  as  identical 

^with  the  substance  obtained  l.,  H..f       m  w)    Mt,  barley   and  rye. 

'mThe  insoluble  residue   Berzelius  >lai,t  albumin,  from  it«  great 

^•imilarity  to  animal  albumin. 

De  Saussure*  found  that  wheai  '"<"t  20  per  cent. 

Dlant  gelatin,  or  glutin.  as  he  propo  r  cent,  ins-  luble 

plant  albumin,  and   i  per  cent.  muci.     th*  lough  d.ffcr-ntly 

prepared,  he  considered  to  be  similar  '.^  Berzelius^nd  it 

,  had,  as  he  thought,  the  power  of  trans'     n  sugar. 

Boussingault,'   like    Einhof,  c<         -^i^      that    n^ir      f   the   gluten 
soluble  in  alcohol  to  be  identical  witl       e  enure  gluten  ,.      ^. 

Liebig«  named  the  portion  of  th,   ^luv        nsolubie         icohol  plant 
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fibrin  ;  he  rejected  the  term  /ym<>m  « 


ken  by  Taddci,  and  also  that  of 


the  latter  case  b.  /iiise  sohibility  in  water 


Ml  H<   jble  in  alcohol  he  called 


plant  albumin  of  Her/<  liu« 

i<i  a  characteristic  i)f  albumin>.     The  p 

plant   tjclatin    and   considered    it  to  be  .•>      .sein-like  com|H.und  of  a 

protcid  with  .in  iin.ietcrmined  organic  acid. 

Houchardat"  found  in  tjl"tc"  a  substaiK  e  soluble  in  extremely 
dilute  acid,  which  he  named  albumin,  since  h-  regarded  it  as  forminp; 
the  chief  constituent  of  egy  albumin,  blorxl  fibrin,  casein  and  ^^luten. 

Pumas  and  Cahours'"  found  four  proteiils  in  tlour,  namely,  an 
albumin  which  was  obtained  from  the  water  useil  in  washing  out  the 
gluten  ;  plant  fibrin  left  as  a  residue  on  extraciing  gluten  vith  alcohol  ; 
a  proteid  from  this  alcohol  which  separated  <jn  cooling,  and  finally  a 
second  proteid  which  precipitates  from  the  same  alcohol  ,\  concentratior 
and  cooling.     This  latter  he  called  glutin. 

Mulder"  prepared  plant  gelatin  by  extracting  gluten  with  ^Ico'sol, 
filtering  hot,  allowing  to  cool  and  redissolving  the  white  p;.  ip'tate 
which  settled  out  twice.  This  he  considered  tr  !  '  a  com^.  .i'  d  of 
sul|)hur  with  protein,  and  he  found  that  it  did  not  i     >♦  in  phos[)ji  rus. 

\'on  Bibra"  stated  that  on  exhausting  gluten  with  hot  alcohol 
insoluble  plant  fibrin  remained  behind,  while  plant  gelatin  and  plant 
casein  dissolved  ;  the  plant  casein  separated  on  cooling.  These  bodies 
he  thought  had    the   same  elementary  composition,  and    were  in  fact 

i.iomers. 

Giinsberg"  held  that  gluten  was  composed  of  three  proteids,  gliadin 
being  a  mixture  of  two.  These  were,  (a)  gluten  fibrin,  soluble  neither  in 
alcohol  nor  warm  water  ;  (b  gluten  casein,  insoluble  in  hot  water  but 
soluble  in  alcohol ;  (c)  gluten  gelatin,  soluble  in  alcohol  and  hot  water. 

Ritthausen'*  found  four  proteids  in  gluten,  namely,  glu.en  casein, 
gluten  fibrin,  plant  gelatin  or  gliadin,  and  mucedin,  of  which  the  last 
three  are  soluble  in  dilute  alcohol.  His  casein  was  prepared  by  ex- 
tracting gluten  with  boiling  alcohol,  cooling,  exhausting  the  casein 
which  .settled  out  with  absolute  alcohol,  then  with  acetic  acid,  and  finally 
neutralizing  the  clear  filtrate  from  this  with  ammonia.  The  decanted 
alcoholic  fluid  from  the  casein  contained  the  gelatin,  which  separated  on 
evaporation. 

Scherer"  digested  gluten  with  artificial  gastric  juice  and  observed 
that  the  greater  part  went  into  solution  in  about  fourteen  hoi  . 

Martin"  found  that  only  one  proteid  was  extracted  from  gluten  by 
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dilute  alcohol  or  hot  water,  which  gave  the  retidiith  vi^ict  reaction  of 
proteoses  and  peptones.  Because  of  this  reaction  and  its  comparative 
insolubility  he  called  i*  insoluble  phytalbuniosc.  The  resii'  .c  »as 
coa(;ulated  by  boiling  water,  and  was  si  .ible  unly  in  acids  and  alk.ilics. 
He  claimed  that  dilute  aicohol  extractetl  only  fat  from  dry  flour.  <nd 
came  to  the  conclusion  that  insoluble  phytalbumosc  was  produced  from 
a  soluble  albumosc,  and  ({luten  fibrin  from  a  globulin  by  pre-existing 
ferments. 

Chittenden  an  .  Smith"  made  preparations  of  gluten  casein  accord- 
ing to  Ritthau.sen's  metho<l,  which  averaged  I5.;>6  per  cent,  of  nitrogen. 

Osborne  and  Voorhees"  in  an  exhau-tivc  reseaich  brought  many 
opposing  view-  into  harmony.  Like  Martin  they  found  only  one 
proteid  in  glu  .n  that  was  soluble  in  alcohol,  and  considered  that  the 
various  proteids  claimed  by  previous  investit^itors  to  have  l>oen  soluble 
in  alcohol  were  impure  preparations,  perhaps  mixtures  with  fat.  Martin's 
gluen  fibrin  they  termed  gluteni"  and  found  its  comj)osition  to  be 
practically  identical  with  that  of  giiadin,  a  conclusion  that  had  not 
hitherto  been  suggested.  The  high  jjcrcentage  of  nitrogen  they  Miou^ht 
due  to  their  improved  method  of  preparation  by  which  all  starch,  etc., 
had  been  removed.  Contrary  to  Martin  .>  experience  they  found  that 
dilute  alcohol  extracted  gliadin  dir(-<  ilj   fn^m  flour. 

Osborne  and  Voorhees  further  aiii>  -id  at  tl  conclusi'  ,  hat  gluten 
is  made  up  of  two  forms  of  the  same  proteid,  i  .c  being  so.uble  in  cold 
dilute  alcohol  and  the  other  not.  They  found  that  flour  exhausted  with 
sodium  chloride  solution  yielded  the  same  amount  of  gliadin  as  was 
obtained  from  the  gluten  made  from  an  equal  quantity  of  flour,  or  by 
direct  extraction  of  the  flour  with  70  per  cent,  alcohol.  The) ,  therefore, 
held  that  gliadin  exists  as  such  in  the  seed. 

Teller"  noted  again  the  fact  that  gliadin  possessed  proteose-like 
characters,  as  previously  stated  by  Martin.  Gliadin  he  found  to  be 
slightly  soluble  in  dilute  salt  solution,  and  he  regarded  it  as  identical 
with  that  body  classified  by  Osborne  and  Voorhees  as  protC'  ise. 

O'Brien*  found  himself  in  agreement  with  Osborne  and  Voorhees 
in  considering  that  gluten  pre-existed  as  such  -n  flour  in  the  same 
proportions  as  in  gluten,  and  that  there  was  but  one  mother  substance  in 
flour  which  gave  rise  by  a  process  of  hydration  to  t^luten.  His  con- 
clusions were,  (a)  that  the  differently  described  derivatives  of  gluten 
solub.e  in  alcohol  merge  into  one  another  ;  {!>)  that  the  portion  soluble 
in  alcohol  may  be  made  to  pass  into  the  in.soluble  stage  ;  {c)  that  a 
proteose  is  readily  formed  as  a  secondary  product  from  gluten. 
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Fleurent .«  whose  work,  like  that  of  O'Brien,  was  unfinished  when 
Osborne  and  Voorhees'  results  were  published,  found  himself  also  in 
agreement  with  the  latter  in  concluding  that  only  one  body  soluble  in 
alcohol  was  present  in  gluten.  Besides  gliadin  and  glutenin  he  found  a 
very  small  quantity  of  a  third  body  which  he  called  conglutin. 

Morishima"  found  only  one  protcid  in  gluten  (that  he  named 
artoiin)  which  he  prepared  by  kneading  gluten  with  dilute  alkali  and 
treating  the  decanted  fluid  with  hydrochloric  acid  until  it  contained  one 
per  cent,  of  the  acid  in  excess.  The  precipitate  washed  with  one  per 
cent,  hydrochloric  acid  and  made  up  v'*h  alcohol  to  a  solution  containing 
70-80  per  cent,  of  alcohol,  was  filtered  and  saturated  with  absolute 
alcohol  and  ether. 

Its  composition  he  found  to  be  : 

Artolin  (Mokkhima). 

C 5»-»9 

H     7" 

N  '6.51 

S  74 

O 

CI   '-57 

Mayer"  held  that  the  old  name  of  plant  gelatin  was  inappropriate, 
since  it  was  chemically  unlike  gelatin :  the  latter  does  not  contain  sul- 
phur, and  is  insoluble  in  dilute  alcohol. 

Ritthausen'*  commented  on  Fleurent's  and  Osborne  and  Voor- 
hees'  careful  work,  but,  nevertheless,  clung  to  the  views  propounded  in 
his  early  paper.  In  criticizing  the  work  of  Morishima,  he  pointed  out 
the  fact  that  proteids  are  soluble  in  dilute  acids,  and  concluded  that 
artolin  was  glutenin  linked  with  hydrochloric  acid. 

The  subjoined  analyses,  taken  from  the  paper  of  Osborne  and 
Voorhees  were  found  by  reference  to  the  original  papers  to  be  accurate : 


BOUSSINOAULT. 

Gliadin. 

C    .SJ30 

H   6..SO 

N    18.90 

S 

O   22.30 

■  00.00 


Jon  IS, 

Plant. 

Gelatin. 

54.44 
742 
15-98 

22.16 


DuMAt  and  Cahouri. 


Casein. 

5346 

7- '3 

16.04 

2337 


Ctutin. 

53- '7 
7- '7 
'5-94 

23.62 


Mulder. 

Plant. 
Gelatin. 

54-85 

7-05 

'5-71 

.60 

21.79 


Von  Bibra. 

Plant. 
Gelatin. 

53-57 
7.12 

'557 

.88 

22.86 


Thb  Chemistry  op  Wheat  Gliten. 


Gl'NSBBRU. 

Plant, 
iiclatin, 

C Si.68-Si.65 

H 677   •  6.8« 

S 

N 17. 76-17.45 

O Ji.7<) — ijoi 


100.00-100.00 


ItUitrn 
fihriii. 

.S4-31 

7.i« 

1. 01 

Ib.«<) 

20.61 


-RlTTHAl'SIN- 

Hlant. 

GrUtin. 

.S'-7<' 


ID 


".> 


iS.oi 
ii.o8 


.S4- '  I 
6.qo 

i6.«l 
ii.4.S 


OkMORNR   Add 

V'uohhrks. 
ijliajin. 

b.K(> 

1.14 
17.66 
il.6i 


JONIS. 

C S»-79 

H 7.0J 

N 15.59 

S 

O 2A.6i 


100.00 


GLL'TENIN. 

SCMERKR.  Dl'MASanJCAHOl'RS.    X'O.N    BlBRA. 

54.60-52.34  53-37-.S.!  J.I  5,V.S7 

7.45—  7.13  7.02—  7.01  b.ps 

15.81  — 15.36  16.00 — 16.41  >.S-7o 
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22.76 
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anU  Smith. 
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H 6.99 
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S 1. 17 

0 23.11 
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OSBORNI 
.ind  VooRMtu. 

6.83 

"7-49 

i.o8 

22.26 


II.— Observations. 

While  working  at  the  composition  of  wheat  flour,  Professor 
Macallum  suggested  that  I  should  trace  to  its  source  the  phosphorous 
which  he  found  to  be  present  in  the  cellular  elements  of  the  wheat 
grain.  It  was  sought  for  and  found  in  gluten,  no  matter  how  carefully 
prepared  or  how  long  it  had  been  washed  in  tap  or  distilled  water. 
Gluten  was  prepared  in  the  usual  manner  by  kneading  dough  in  a 
stream  of  water  until  free  from  starch,  dried  at  no  C.  until  the  weight 
was  constant  and  the  phosphorus  estimated  according  to  Neumann's* 
method,  which  was  found  by  experiment  on  known  solutions  of  phos- 
phoric acid  to  be  perfectly  accurate.  Two  quantities  of  gluten  yielded 
0.1 1  and  0.12  per  cent,  of  phosphorus  respectively. 

In  order  to  determine  next  which  of  the  constituents  of  gluten  (i.e., 
gliadin  or  glutenin)  contained   phosphorus,  gliadin  was  prepared   by 
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extracting   starch-free    gluten  with   70  per   cent,  alcohol,  filtering  the 
solution  repeatedly,  and  afterwards  evaporating  completely  to  dryness. 

Average  of  five  estimations  0.83  per  cent.  ash. 

"  two  "  0.29  "        phosphorus. 

Gliadin  was  prepared  by  extracting  gluten  with  70  percent,  alcohol, 
filtering  and  diluting  with  twice  its  volume  of  i  per  cent,  .sodium 
chloride  .solution  ;  the  white  precipitate,  .separating  out,  was  collected, 
washed  with  distilled  water,  till  free  from  chlorine,  and  dried  at  no  C. 
The  analyses  gave  : — 

I.  n.  III.  IV. 

rhosphorus 0.19  0.19  0.18 

Ash o.  -05  o.  20 1  

Nitrogen 17.705  17.435  17.64  17.555 

The  ash  from  these  was  dis.solved  with  hydrochloric  acid  ;  the  solu- 
tion evaporated  almost  to  dryness  in  a  platinum  crucible,  was  diluted 
with  distilled  water,  and  treated  with  a  quantity  of  dilute  hydrochloric 
acid  containing  also  potassium  ferrocyanide.  A  blue  colouration  im- 
mediately indicated  the  presence  of  iron  ;  repeated  trials  invariably 
yielded  the  same  result. 

In  order  to  determine  whether  the  iron  was  organic  or  inorganic, 
a  solution  of  gliadin  in  ammonia-free  distilled  water  was  added  to  a 
solution  of  hematoxylin.  No  darkening  whatever  occurred,  showing 
that  the  iron  must  be  organically  combined.  Inorganic  iron  salts  with 
hematoxylin  give  an  intense  dark  blue  colour.  Pieces  of  freshly-pre- 
pared gliadin,  suspended  in  h;ematoxylin,  gave  no  reaction  in  thirty 
hours.     The  iron,  like  the  phosphorus,  must  be  in  organic  combination. 

Previously  to  this  I  had  found  that  on  digesting  gluten  with  arti- 
ficial gastric  juice,  and  repeatedly  renewing  the  fluid,  a  part  remained 
insoluble  even  after  two  months.  This  residue,  after  extracting  with 
absolute  alcohol  and  ether,  was  dissolved  in  0.2  per  cent,  sodium  hydrate, 
and  precipitated  by  0.2  per  cent,  hydrochloric  acid,  the  precipitate  being 
insoluble  in  excess  of  the  acid.  PLvidently  this  was  a  nuclein,  and  must 
have  come  from  the  gliadin  or  glutenin  of  the  gluten. 

A  gram  of  gliadin,  purified  by  precipitating,  dissolving,  repreci- 
pitating,  and  extracting  with  absolute  alcohol  and  ether,  was  digested 
with  artificial  gastric  juice  at  jS^C.  A  residue  remained  which  gave  all 
the  reactions  for  nuclein.  and  undoubted  reactions  also  for  organic  iron 
and  phosphorus. 
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A  large  amount  of  Rliadin  was  now  prepared  by  extracting  j-luten 
w,th  70  per  cent,  alcohol,  filtering,  concentrating  to  a  small  ouantity 

auDara!urfor"'i"'.  ^^  per  cent  alcohol,  extracting  in  the  Soxhlet' 
apparatus  for  sixteen  hours  with  absolute  alcohol  to  remove  fat  and 
lecithm.  and  finally  drying  for  three  hours  at  i  io"C 

Analyses  gave  the  following  :— 

OI-IADIN. 

^ S^-.lo  Av.  6. 

^1 6.«4  Av.  6. 

'^' ■74<>  Av.  2. 

^ 1.1-'  Av.  2, 

O 2. .So 

P 0.267  Av.  ... 

^'   o.o,54  Av  J. 

100.00 

The  iron  was  determined  gravimetrically  since  the  amount  was  so 
small  that  only  a  few  drops  of  ,  40  normal  solution  of  potassium  per- 
manganate were  necessary  by  the  volumetric  method,  and  the  exact  end 
pomt  was  consequently  difficult  to  determine.  Taking  all  necessary 
precautions  to  eliminate  aluminium  and  calcium,  results  were  obtained 
by  extractmg  the  iron  from  the  ash,  which  were  concordint  with  those 
obtamed  from  the  filtrate  after  precipitating  the  phosphorus  as 
ammonium  phospho-molybdate.  The  weight  of  ferric  oxide  seldom  ex- 
ceeded 0.6  milligram.  The  analyses  in  other  respects  agree  very  well 
with  those  of  Osborne  and  Voorhees,  except  that  the  carbon  and 
nitrogen  contents  are  slightly  lower,  and  that  they  obtained  no 
phosphorus. 

A  large  quantity  of  gliadin  was  prepared  and  digested  at  38°C  with 
artificial  gastric  juice  in  litre  flasks.  Digestion  was  continued  for  three 
weeks,  the  flasks  being  frequently  shaken,  and  the  clear  supernatant 
fluid  renewed  several  times.  The  considerable  residue  «ds  collected  on 
filters,  washed  free  from  proteoses  and  peptones  with  water,  then  with 
70-95  per  cent,  alcohol  which  removed  some  fat.  The  residue  dissolved 
m  0.2  per  cent,  sodium  hydrate  solution,  was  filtered,  and  the  solution 
precipitated  with  excess  of  dilute  hydrochloric  acid,  the  process  of  solu- 
tion and  precipitation  being  repeated  several  times ;  the  precipitate  was 
then  collected  on  "hardened"  filters  and  washe.l  with  distilled  water 
till  free  from  chIoride.s.  Extracted  with  absolute  alcohol  in  the  Soxhlet 
apparatus  for  sixteen  hours,  dried  at  1 10  C.  and  analyzed,  the  residue 
yielded  the  follo^■    .g  results  :— 
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GLUDIN  NUCLEIN. 

^ 49-47  per  ceiil.   Av.  J. 

" 6Q8  "  Av.  J. 

'^  >6-6o  "  Av.  1. 

^ o«o  "  One. 

•' o-i9  "  Av.  2. 

■'*    o<H  "  Av.  a. 

0 25-8^ 

loo.oo 

*'''    «"i4  per  cent.  Av.   2. 

The  amount  of  phosphorus  was  very  small,  practicallv  the  same 
m  fact,  as  the  ghadin  from  which  it  was  prepared.  The  chem  ca,s  uTe^' 
were  careful  y  tested  in  blank  experiments,  but  no  trace  of  phosphor!^ 
was  found  m  any  of  them.  Possibly  the  prolonged  digestion  w"h 
tZ  H  ""''%°/  •^y^^-*"--  -d  -lution  had  remS  some  of 
he  phosphorus.  The  result  was.  however,  quite  unsatisfacton..  ^Tce  it 
was  to  be  expected  that  the  amount  of  phosphorus  and  iron  wodS  be 
much  greater  than  in  the  substance  from  which  it  was  deriv^    The 

;:'s;b;^dr:!^'"  -' ''-  --'^^  ^-^-^  ^--  '^.  -^^  -i^ 

'^'''"'""-  Giiadin  Nuclein. 

^' 5^-59  49.47 

S   ^•«-»  6.98 

^ '7-47  ,6.5o 

„ '■"  0.80 

p "-^  ^v8. 

^ °'^34  0.04 

'°°°°  100.00 

From  this  it  may  be  gathered  that  the  two  compounds  are  auite 
distmct  chemically  as  well  as  physically.  '"PO""a=>  are  quite 

hees.?'briv^"";-  ^'■^T'^:  ^  recommended  by  Osborne  and  Voor- 
hees  b>  extrac  ing  all  the  giiadin  from  giuten  by  dilute  alcohol 
d,ssolv,ng  the  residue  in  0.2  per  cent,  potassic  hydrate,  [nd  preciSnl 
by  exactly  neutralizing  with  0.2  per  cent,  hydrochlo  ie  acfd  he  '" 
cpuate  washed  with  70-95  per  cent,  alcohol,  was  aga  di  ol'ved  In  o  2" 
per  cent,  potassic  hydrate  and  filtered  perfectly  dear  1h^  gh  ieaw 
filter  paper  m  an  ,ce  chest.  Precipitated  from  the  solution  ly  exac^ 
neutra  uat.on  with  0.2  per  cent,  hydrochloric  acid,  washed  "th  dis  nied 
water  t.ll  free  from  chlorides..'  .n  with  ;o-95  per  cent. alcohol,  extrl    ed 
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in  the  Soxhlet  apparatus  for  ten  hours  with  absolute  alcohol,  and  dried 
for  three  hours  at  i  lo  C.  the  glutenin  so  prepared  gave  on  analysis  the 
following : — 

GLL-TEXIN. 

Na»mith.  01I.0HH.. 

„ ^  "  5^34 

" 1"  6  8j 

?'    ""S                                      .74Q 

'' '06                                        i.o8 

*■' "58                                   1,  lb 

^ Oils 

^' 0.0J6 


'00.00  lOO.OO 

Asho.iSS  per  cent. 

Another  preparation  by  Fleurent's  method*'  which  was  al?o  care- 
fully filtered,  yielded  16.55  per  cent,  nitrogen.  The  figures  art  not  at 
all  in  agreement  with  those  of  Osborne  and  Voorhees  for  this  compound. 
Mine  are  considerably  higher  in  carbon  and  hydrogen,  and  much  lower 
m  nitrogen,  a  result  which  might  be  accounted  for  by  carbohydrate 
impurity.  Since,  however,  it  was  prepared  exactly  as  described  by  him 
this  seems  unlikely.  The  fact  that  the  amount  of  iron  and  phosphorus 
IS  practically  the  same  as  in  gliadin  at  once  suggested  the  possibility  of 
Sese  elements  being  derived  from  a  certain  amount  of  nuclein  mechani- 
ally  earned  along  with  these  compounds  in  the  attempted  purification 
process. 

Impure  glutenin  was  digested  with  pepsin  and  hydrochloric  acid 
but  the  insoluble  residue  was  so  difficult  to  separate  from  soluble  starch 
and  was  so  evidently  impure  that  the  complete  analysis  was  not  mi  le' 
though  the  presence  of  -ron  and  phosphorus  in  it  was  demonstrated. 

In  repeating  the  work  of  Morishima«  a  copious  precipitate  as  usual 
occurred  at  the  neutral  point,  but  when  more  acid  was  added  nearl-  all 
went  into  solution  ;  after  twenty-four  hours  only  a  trace  of  precipitate 
settled  out.  Glutenin  has  again  and  again  been  shown  to  be  soluble  in 
dilute  acids.  Artolin,  as  I  found,  is  derived  from  another  source  than 
Morishma  supposed.  A  0.4  per  cent,  hydrochloric  acid  extract  of  flour 
was  made,  filtered  perfectly  clear  and  potassic  hydrate  added  unHl 
neutral,  when  a  precipitate  was  thrown  down,  which  proved  to  be  nearly 
all  gliadin.  If  to  this  0.4  per  cent,  hydrochloric  acid  extract  more  acid 
was  added,  a  precipitate  began  to  appear  which  increased  with  the 
acidity.  This  in  large  part  separated  on  heating,  and  it  proved  entirely 
soluble  in  70-  80  per  cent,  alcohol,  the  result  showing  it  to  be  gliadin 
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This  property  of  gliadin,  of  being  precipitated  with  excess  of  acid,  has 
not,  I  think,  been  hitherto  noted.  Since  the  compound  of  Morishima 
was  prepared  in  practically  the  same  way  artolin  is  evidently  ghadin  in 
acid  combmation.  Glutenin  remains  in  solution.  The  body  obtained 
under  these  circumstances  by  Mon-,uma  would  perhaps  correspond  to  a 
proteui  salt.-  ..^.,  a  chloride  of  gliadin.  I  obtained  the  substance 
called  conglutm  by  Kleurent"  but  in  quantity  insufficient  for  analysis. 

In  order  to  decide  whether  the  iron  and  phosphorus  in  gliadin  and 
gluten.n  were  actually  in  molecular  combination  in  these  compounds 
resource  was  had  to  the  microscope.  Grains  of  Manitoba  hard  wheat 
were  imbedded  in  celloidin  and  sectioned.  Macallum's  methods  for 
determination  of  iron*  2?  and  phosphorus**  were  used. 

For  iron  the  celloidin  was  removed  by  equal  parts  of  alcohol  and 
ether,  the  sections  passed  through  absolute  alcoiiol  and  inorganic  iron 
salts  removed  by  2.5  per  cent,  hydrochloric  acid  in  95  per  cent,  alcohol 
Sections  so  treated  showed  no  trace  of  colour  with  pure  h.-tmato.xylin  in 
aqueous  solution  (0.5  per  cent.)  after  the  lapse  of  thirty  minutes  The 
sections  now  placed  in  sulphuric  acid  alcohol  (4  vols.  acid.  100  alcohoP 
at  40   C  were  removed  at  intervals  of  half  hours  ;  on  washing  out  the 

Zwn  I  ""^  '"  .''^'-■'^^^"^y'''"-  the  sections  gave  a  marked  reaction 
for  iron,  the  organic  iron  combination  having  been  broken  up  and  the 
inorganic  iron  salt  formed  retained  in  situ. 

irnn  f 'm'^"'^  ""«^f  ^ted  by  hydrochloric  acid  showed  much  inorganic 
iron  ,n  the  aleuron  layer  and  germ.     When  this  had  been  removed  by 
hydrochloric  acid  no  colour  whatever  appeared  after  standing  for  twenty 
aToh  Mh"  '^■'^■7.^°^ r"  -'"tion.     After  treatment  with  sulphuric  acid 
akohol  the  nuclei  of  the  aleuron  and  large  parenchymatous  endosperm 
ce  s  were  stained  with  ha-matoxylin  purplish  blue-black.     The  ale^ro^ 
cell   contents  gave  no  reaction,  nor  did   the    proteid   matter  of  the 
endosperm,  which  constitutes  gluten.     Gliadin  and  glutenin  therefore 
do  not  contain  iron  in  their  molecules,  and  that  present  must  havet  „ 
derived  from  the  nuclei  of  the  cells  of  the  endosperm  and  aleuron  layer 
ana  |>ossibly  ,n  small  amounts  from  embryo  cells. 

The  distribution  of  iron  in  the  embryo,  or  germ,  is  a  point  of  interest 
The  closely  packed  ceils  „f  the  embryo  each  contained  a  large  nuc  ^u, 
coloured  with  h.ematoxylin  almost  black.  In  the  rapidly  div^ing  ce, 
of  the  radicle  and  plumule  a  diffused  purplish  blue  black  reaction 
occu.  d,  ,..h.  h  under  the  highest  power  could  not  be  identified  vJuh  ^ 
definite  granules  or  structures.     Some  of  the  cells,  other  than  those  in  a 
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rapid  state  of  division,  gave  a  faint  purplish  reaction,  perhaps  from  iron 
derived  by  diffusion  from  the  nucleus. 

In  order  to  show  the  distribution  of  orRanic  phosphorus  the  inor- 
ganic phosphates  were  first  removed  ^y  soaking  for  half  an  hour  in 
acetic  acid  alcohol.  Sections  removed  at  the  end  of  this  time,  placed 
for  a  few  minutes  in  the  nitric-molyb<late  solution,  and  then  in  one  ,«r 
cent,  solution  of  phenylhydrazine  hydrochloride  showed  no  trace  of 
green  colouration,  this  fact  indicating  that  all  inorganic  phosphates  ha.l 
been  removed. 

Such  extracted  sections  were  now  placed  in  nitric-molybdate 
solution  at  35°  C.  and  removed  in  series  at  intervals  of  half  an  hour. 
When  placed  in  a  solution  of  phenylhydrazine  hydrochloride  for  a  few 
mmute.s,  they  showed  a  green  colour,  which  increased  in  depth  with  the 
times,  during  which  the  section  remained  in  the  molybdate  soluti.Ki  In 
twenty  hou.s  the  aleuron  layer  and  embryo  were  stained  a  bright  green 
Sections  which  had  had  the  celloidin  removed  by  alcohol  and  ether  and 
which  were  subsequently  extracted  w:th  absolute  alcohol  in  the  Soxhlet 
apparatus  for  several  hours,  gave  exactly  the  same  reactions  as  those 
unextracted.  Consequently  lecithin  could  not  have  been  present  The 
aleuron  cells  in  such  preparations  showed  a  large  nucleus  of  a  much 
deeper  green  than  the  rest  of  the  cells,  and  under  the  high  mwer  the 
colour  was  seen  to  be  confined  to  the  spaces  between  the  aleuron  grains 
the  coloured  parts  appearing  in  he  form  of  a  network.  The  network 
had  a  more  or  less  punctated  apfx^arance,  the  grains  themselves  were 
perfectly  colourless. 

In  the  endosperm  of  such  preparations  the  nuclei  alone  were 
coloured  thou;.;h  .sometimes,  after  twenty-four  hours,  the  proteid  matter 
packed  between  the  starch  grains,  and  even  the  cellulose  gave  the 
pho.sphorus  reaction.  Possibly  phosphorus  had  diffu.sed  from  the  nuclei 
The  manner  in  which  the  phosphorus  is  distributed  in  the  different 
types  of  embryo  cells  is  quite  varied.  The  palisade-like  absorption 
cells  between  the  endosperm  ar  i  embryo  appeared  finely  granular  and 
o.  a  uniformly  dark  green  tint.  The  cytoplasm  of  the  radicle  an<l 
plumule  cells  were  of  a  finely  granular  character,  and  gave  the  phos- 
phorus reaction.  Around  these  tightly  packed  cells  of  the  radicle  and 
plumule  were  other  cells  much  more  loosely  connected,  whose  contents 
appeared  vesiculated.  The  intercellular  material  gave  a  faint  phosphorus 
reaction,  while  the  large  granular  nucleus  was  much  darker  and  very 
prominent.  ^ 
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Between  these  vesiculated  cells  and  the  absorption  tissue   of  the 
embryo  were  large  cells  !oosel>'  bound  together.      These  cells,   even 
under  the  low  ,xjwer,  were  very  different  from  the  others,  containing 
large,  well-separated  granules,  coloured  a  bright  green.     Under  the  high 
power  these  granules  appeared  round,  angular,  or  often  crescent-shaped 
In  very  thm  sections  they  were  quite  separated  from  one  another  and 
very  brilliantly  coloured;  in    thin   sections  the  nucleus  often  was  not 
apparent.     In  thicker  sections  these  granules  were  seen  to  be  connected 
forming  a  loose  kind  of  mesh  work,  the  spaces  between  being  filled  with 
a   finely   granular  substance,  giving   a   faint   but   distinct   phosphorus 
reaction.     When  treated  for  the  iron  reaction  a  very  faint  violet  tinge 
appears   in    these   cells,  but   only  between  the  bodies  which  stain  so 
brightly  for  phosphorus. 

From  this  it  seems  that,  with  the  exception  of  the  rapidly  dividing 
eel  s  such  as  those  of  the  radicle  and  plumule,  iron  is  found  in  the  nuclei 
only  of  the  various  cells  of  the  wheat  grain. 

Phosphorus  is  more  widely  distributed,  appearing  between  the 
aleuron  grains  ;  in  fine  grains  in  the  radicle  and  plumule  cells  ;  in  the 
foam-iike  mesh  work  of  another  type  of  embryo  cell ;  in  the  very  distinct 
arge  granules  just  described,  and  in  the  nuclei  of  all  these  cells.  From 
the  various  ways  in  which  these  different  cells  stain,  and  the  several 
rnethods  of  phosphorus  distribution  in  them,  one  may  conclude  that 
there  are  probably  several  nucleins  present. 

n.nhfh'*^'""  ''"f  Campbell"  extracted  wheat  germ  with  petroleum 
naphtha  ground  the  residue  to  a  fine  flour,  extracted  this  with  water 
sa  urated  the  clear  filtra-  with  sodium  chloride,  and  subjected  the  re- 
sulting precipitate  to  a  vigorous  peptic  digestion.  The  nuclein  so  pre- 
pared, they  conclude.  "  is  not  an  original  constituent  of  the  extract  nor 
of  the  cells  of  the  embryo,  but  results  through  several  molecules  of 
nucleic  acid  with  one  of  Protein."  To  this  nuclein.  washed  with  water 
and  disso  ved  in  dilute  potassic  hydrate  solution,  was  added  hydrochloric 
acid  until  a  precipitate  formed,  which  readily  separated.  When  this 
was  filtered  off  a  considerable  excess  of  hydrochloric  acid  was  further 
added  to  the  filtrate,  whereupon  a  precipitate  of  nucleic  acid  separated 
out  which  became  so  dense  and  brittle  that  it  could  be  ground  under 

This  operation,  as  described,  I  repeated,  but  a  small  quantity  only 
of  nucleic  acid  was  obtained,  which,  however,  did  not  become  brittle 
under  water.      As  I  expected,  the  ash  of  this  nucleic  acid  and   of  the 
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nuclein.  also  prepared,  nave  distinct  reactions  for  iron,  even  after  stand- 
ing for  several  *ecks  under  dilute  hydnKhloric  acid,  a  fact  unnoticed 
by  Osborne,  and  showing  that  part  at  least  of  his  nuclein  had  come  from 
the  nuclei  of  the  cells.  If  this  nuclein  had  been  derived  from  the 
nuclei  of  the  embryo  cells,  it  must  have  contained  iron,  since,  as  above 
demonstrated,  its  presence  is  invariable  in  the  nucleus.  Probably  his 
auclein  was  derived  both  from  nuclei  and  ground  substance  of  the  cells. 

It  may  then  probably  be  admitted  that  the  phosphorus  and  iron  in- 
variably found  in  gli^.din  and  glutenin,  no  matter  how  carefull\  they 
have  been  piepared,  nre  present  in  the  form  of  nuclein  or  nucleic  acid, 
which  have  been  derived  from  the  nuclei  of  the  parenchymatous 
endosperm  cells  c'liefly.  and  carried  with  them  in  the  purification  pro- 
cess. Perhaps  aleun  i  and  embryo  cells  imjierfctly  separated  in  the 
milling  process  contribute  part  of  them. 


III.— Propertie.s  ok  Gmadin. 

Gliadin  extracted  directly  from  raw  flour  by  dilute  alcohol  is 
always  contaminated  with  fat.  which  give:;  to  its  solution  a  yellow 
tinge.  On  diluting  this  solution  with  an  equal  volume  of  sodium 
chloride  solution,  a  snow-white  precipitate  separates,  which,  if  the  dilu- 
tion is  sufficient,  collects  into  brownish  floculent  masses,  and  either 
rises  or  sinks,  accordmg  to  the  .strength  of  the  salt  solutions.  Prepared 
in  this  way  gliadin  is  exceedingly  vi.scid,  adhering  to  everything  with 
which  it  comes  in  contact.  When  precipitated  by  water  alone,  gliadin 
will  not  readily  separate.  Evaporation  of  the  alcoholic  .solution  and 
cooling  cause  a  considerable  gummy  mass  of  gliadin  to  separate,  while 
a  few  drops  of  sulphuric  acid  to  the  supernatant  fluid  throws  down 
almost  all  of  the  gliadin  left  in  solution. 

A  solution  of  gliadin  evaporated  to  dryness  forms  a  glue-like 
brit  le,  opalescent,  yellow  mass  ;  hydrated  gliadin,  exhausted  with  abso- 
lute alcohol  and  ether,  and  dried  over  sulphuric  acid,  forms  a  pure  white 
friable  mass.  Hither  vari-ty  will  almost  wholly  go  into  solution  on 
warming  in  dilute  alcohol.  Gliadin  is  slightly  .soluble  in  distilled  water, 
and  then  gives  the  pink  biuret  reaction  ;  it  is  not  entirely  insoluble  in 
dilute  salt  solutions,  as  stated  by  Osborne  and  Voorhees.  In  dilute 
alkalies  it  readily  dissolves,  and  the  greater  part  of  that  dissolved 
separates  on  neutralizing.  Its  action  with  hydrochloric  acid  is  peculiar  ; 
it  may  be  extracted  directly  from  flour  by  dilute  acids,  tilter«d  per- 
fectly clear,  and  yet  an  additional  drop  of  acid  throws  down  a  cloudy 
precipitate  which  increases  in  quantity  with   further  addition  of  acid, 
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le"*  TrT'"  *=r  P'^*^'>'  ""'y  ""  heati„R  :  as  it  cools,  however  more  or 
Ic.  of  he  precipitate  Roes  back  into  solution.     A  drop  of  alkal    to  th. 
acd  solution  only  produces  a  faint  opalescence  which  d^,„o, 
with  additional  alkali  until  the  neutra'l  point  ifreached  :  ra  -di: 
clouding  occurs,  and  a  precipitate  settles  out  on  heating. 

A  cold  alcoholic  solution  of  gliadin  filtered  clear,  clouds  sliVhtlv 
...  twenty-four  hours,  de,>ositing  a  small  precipitate  which  TcnZTi„ 
quan  ity  with  the  length  of  time  under  alcohol.  It  s  much  mo  e 
soluble    ,n   boilmg  than   in    cold   alcohol,  a  saturated   .soluZn   o      he 

acid  give  ,h.  „,„„  p„„id  ,e,cZ.  '"'""  '  "'^""'  '"■'  ""'» 

Gliadin  is  di«,ibu(ad  Ihreughout  tlie  endo.pcm    e„«.ci,|K.  ,„„.  j 
the  |«r,|,he,y,  where  .he  sm,ll  proteid  Branuief^"' much  Th  .1  ^ 

.rain.,  ,„h„,h  .„„  ,„d  .ho;:s^g',;:dirz.^s"r "™'" 


^V^— Froi'erties  of  Glutenin. 
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those  of  previous  invcsfii,'ators,  who  had  only  » 
from  Kliitcnin  as  much  as  i;  jKir  cent,  of  nitn*- 

Osborne  consid'jretl  it  an  altcri-d  form  of 
it  has  a  definite  coa^;llIatill^;  |M)int,  while  ;,'lia<l' 
cate  that  it   is  improbahic.       No  one  has    y 
Kliadin  assume  a  form  at  all  rcst-niblinij  j;luti 
two  protcids  are  entirely  distinct    in  orijjin 
Osborne  states  that  ^;lutenin  is  sli^jhtly  soluf 
in  hot  dilute  alcohol,  the  dissolved  prutcid  sc| 
Hiutcnin  is  coajjulated  at  about  70°  C.  the  pr 
either  been  due  to  j^liadin  im()crfectly  sep.ir.i 
part  of  the  latter  split  off  by  heat.     The  trai , 
0.sborne  himself  hints,  may  have  been 
difficult  to  separate  from  jjlutenin. 

v.— The  Ferment  Theory  01   Gmten 

The  question  whether  gluten  exists  as  such  in  fl...  ,,,  rner  it 

results  by  the  activity  of  a  ferment,  is  one  on  whici.  ;  S-r  ...„sider- 

able  differences  of  opinion.  Weyl  ami  UischofP  con,,.  1  ^'iuiw,  t,.  l,e 
formed  from  pre-existing:  globulins  by  a  pre-existin-  ;  meiit  in  il  ir 
They  held  that  flour  extracts!  by  15  ,,er  cent,  solution  <,f  s,«hum 
chloride,  and  heated  to  the  coagulation  ponit  of  globulin,  gave  no  gl  ■-„ 
They  were,  however,  unable  to  isolate  the  ferment. 

Martin"  thought  that  gluten  did  not  pre-exist  in  flour  as  such  but 
that  his  gluten  fibrin  was  derived  from  a  precursor  globulin,  and  his  in- 
soluble phytalbumose  or  gliadin,  from  a  soluble  albumose  fie  stated 
that  gl.adin  was  not  extracted  directly  from  flour  by  70  per  cent,  alcohol. 

Johannsen"  advanced  arguments  against  the  ferment  theory  and 
thought  gluten  existed  as  such  in  a  finely  divide.!  state  in  the  wheat 
gram.  He  stated  that  a  temperature  of  6o°C.did  not  injure  the  gluten- 
forming  power  of  flour,  and  that  flour  made  by  mixing  dry  starch  and 
finely-powdered  gluten  behaved  like  ordinaiy  flour. 

Ballard"  maintained  that  gluten  pre-existed  as  such  in  flour 
Osborne*  arrived  at  the  same  conclusion.  0-lJrien*>  foun.l  that  flour 
heated  to  ,00-=  C.  for  thirteen  hours  gave  practically  the  usual  amounts 
of  gluten  ;  al.so  that  a  paste  made  with  boiling  water  )ielde<l  gluten  in 
apparently  normal  quantities;  that  flou,  left  twentv-four  hours  under 
absolute  alcohol  and  ether,  yielded  gluten  when  tliese  evaporated  He 
concluded  that  there  is  but  one  compound  soluble  in  alcohol,  that  the 
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portion  soluble  in  alcohol  may  be  made  to  pasn  over  into  the  insoluble 
staKc  and  that  there  exists  but  one  mother  substance  of  {jluten  in  flour. 

None  of  the  proofs  as  to  the  existence  or  non-existence  of  a  ferment 
appear  at  all  conclusive.  Dry  heat  at  loo'  C.  or  even  iio°  C  for 
several  hours  does  not  kill  ferments,  neither  does  alcohol  for  a  short 
period.  To  prove  the  non-exi.stence  of  a  ferment  presents  in  this  case 
peculiar  and  apparently  unsurmountable  difficulties,  but  a  few  facts 
bearing  on  the  point  may  be  given  here. 

Seventy  per  cent,  alcohol,  cold  or  hot,  applied  directly  extracts 
Kliadm  from  dry  flour ;  warm  95  per  cent,  alcohol  does  the  same  •  flour 
moistened  with  95  per  cent,  alcohol  and  heated  to  80°  C  yields  abundant 
Kliadin,  as  does  flour  stirred  into  boiling  water  and  then  extracted  with 
alcohol.  When  flour,  however,  is  slowly  sifted  into  \x  'ing  water  so 
that  every  particle  comes  into  instant  contact  with  wattr  or  steam  at 
100"  C.  it  yields  no  gliadin  to  dilute  alcohol. 

Dough  made  from   flour  and  boiling  water  does  yield  gluten  on 
washmg,  as  stated  by  O'Brien,  but   it  is  smaller  in  amount  and  is  of 
irregular  consistency.     The  temperature  of  the  dough  -'nen  mixed  was 
found  to  be  only  52.5°  C.     Now  glutenin  has  a  definite  coagulation 
point.     Mat  tin"  .stated  that  thr-  residue  after  extracting  gluten  with 
dilute  alcohol  was  coagulated  by  boiling  water.     Before   noticing   his 
work  I  had  found  the  coagulation  point  of  glutenin  to  be  about  70'  C 
When,   therefore,   a   dough   was   made   with    boiling   water,  and  only 
reached  the  temperature  of  53°  C.  only  a  comparatively  small  amount 
of  the  flour  must  have  been   heated   to  70°   C,  a  temperaf    ^  which 
coagulates   glutenin.      Consequently   a   quantity  of  gluten   would  be 
formed  from  the  portion  of  the  flour  not  heated  to  that  point.     A  dough 
made  m  this  way  and  gradually  heated  till  it  reached  a  temperature  of 
80°  C.  yielded  no  ^'luten,  proving  that  its  formation  depended  upon  the 
glutenin  not  being  coagulated. 

A  dry  heat  of  1 10°  C.  for  ten  hours  does  not  coagulate  proteid  and 
flour  heated  to  this  point  still  yields  gluten  ;  but  if  flour  is  heated  to 
120°  C,  or  even  ic»°  C,  for  half  an  hour  in  the  autoclave  a  dough  of 
little  coherence  results,  and  no  gluten  is  obtainable  on  washing  even 
over  silk.  The  glutenin  had  been  coagulated.  In  other  words  any 
temperature  or  manipulation  that  would  kill  a  ferment  which  might  be 
present  would  coagulate  the  glutenin  and  therefore  gluten  could  not  be 
obtained.  The  fact  that  gluten  has  a  definite  coagulation  point  would 
seem   to   indic£..e  that  it  is  not  derived  from  the  same  substance  as 
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gliadin.     I  have  been  able  to  transform  one  of  the»e  c..mjH)..n(U 

into  anythin-  .^e  the  other.     With  the  idea  of  finchnu  out  whether 

jjluten  chai  ..o  (jliadin.  I  extracted  all  the  latter  from  (lour,  let  one 

half  stand  o     '  night   under  water  ami  the   other    under   alcohol    for 
twenty-lour  hours,  but  neither  yielded  anythioR  to  dilute  alcohol. 

The  fact  that  ground,  dried  glutin  mixetl  with  starch  yieUled  douRh 
of  normal  pro|.rrties.  as  stated  by  Johannsen"  is  no  proof  as  to  the  non- 
existence of  ferment  action,  since  if  ferment  action  were  present  the 
dried  gluten  itself  would  have  been  the  resultant  product  of  the  ferment 
action. 

Flour  was  rlightly  moistened  with  absolute  alcohol  and  heated  on  a 
•  -rm  bath  to  70°  C.  being  stirred  all  the  while  with  a  stout  thermome- 
ter in  order  to  heat  the  mixture  evenly  throughout.  Alcohol  was  usetl 
to  prevent  any  possibility  of  ferment  action.  After  drying  in  the  air  one 
half  was  taken  and  made  into  a  dough,  from  which,  as  I  expected 
gluten  could  not  be  obtained.  A  small  quantity  of  raw  flour  was 
mtimately  mixed  with  the  other  half  an<l  this  was  also  made  into 
a  dough.  In  this  case  also  no  gluten  could  be  obtained.  This  proved 
that  the  formation  of  gluten  depended  altogether  on  whether  glutenin 
was  coagulated  or  not.  since  the  ferment  if  existing  should  h  c  been 
present  in  the  added  raw  flour. 

Now  ground  air-dried  gluten  mixed  with  starch  and  m.idc  into 
cough  yields  gluten  of  normal  properties.  Such  a  dough  of  ground 
gluten  a". i  -t ..  h  wcrmed  above  70°  C.  does  not  yield  gluten  since  the 
glutenii  h.%,  -«ew  •  '..^.'ited.  Therefore  when  glutenin  which  had  been 
alreadj  -.^ade  as  m  mc  'he  second  case,  or  glutenin,  or  even  its  prc- 
deces-o!  n  .he  raw  'Aom  in  the  first  case,  were  coagulated,  a  similar 
result  '  rii^  V  ,!,,^.  t,r(,;  ability,  therefore,  seems  to  be  strong  that 
glutenin  ,  .  r.-,cnt  i'.  (l.-ur  as  such.  And  since  gliadin  is  extracted 
directly  U  ".ouro-  ;  -  with  70-95  per  cent,  alcohol,  cold  or  boiling, 
and  also  by  .  ;i;nr  ..■•  .'.  c  alkalies,  it  also  apparently  is  present  as  such 
in  flour,  and  n..  .nved,  as  O'Brien*  holds,  from  the  same  parent  sub- 
stance as  gluten. 


VI.— The  Ai-euron  Laver  of  Wheat. 

The  outer  endosperm  layer  of  wheat  was  stated  by  Sachs"  in 
1862  to  be  rich  in  oil  and  nitrogenous  compounds.  Ten  years  later 
PfeflTer*  pointed  out  the  fact  that  gluten  .s  not  derived  from  the 
aieuron  layer  as  was  commonly  believed.     He  maintained  that  the  high 
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nitroRonous   value  of  the  latter  was  clue  to  substance  not  proteid   in 
nature,  and  to  adhering  endosperm  rich  in  gluten. 

Johannsen^'  in  ,888  again  emphasized  the  fact  that  aleuron  cells  do 
not  conta.n  gluten  he  stated  that  these  cells  contained  nitrogenous 
granules  nnbeddal  m  a  soft  protoplasmic  mass,  rich  in  fatty  matter. 

According  to  OHrien-  the  protoplasm  of  an  aleuron  cell  is  con- 
nu.ous  w,th  that  of  adjacent  cells,  aleuron  as  well  as  endosperm  He 
found  0,1  present  in  considerable  quantities.  The  individual  aleuron 
grains  on  a.ld.t.on  of  water  appeared  to  consist  of  a  central  core  wh  ch 
was  more  or  less  so  uble  in  water,  salt  solutions,  dilute  acids  and  alka  ies 
and  not  readily  stainable.  The  layer  surrounding  this  core  he  found  to 
stain  readily  with  iodine,  h.x.matoxylin  and  aniHne  stains,  and  to  S 
msoluble  in  any  of  the  above  mentioned  reagents. 

From  an  aqueous  e.xtract  of  bran  he  obtained  a  coagulable  proteid 
probab  y  a  globulin,  and  proteose  which,  when  evaporafed  to  dryne  s 
yielded    a  gelatinous  .semi-transparent   substance,  partly  separS'  n 
small  round  spherules,  regarded  by  him  as  artificial  aleuron  grn    1 
they  gave  all  the  reactions  of  those  imbedded  in  cell  protopfasm 

He  also  extracted  from  bran  by  means  of  dilute  alcohol  a  proteid 
which  corresponded  to  gliadin.  -i-onoi  a  proteid 

short?''T  '''''^°''  '  ^°""'^'  '^'"'^^^  ^'''■^^''■"  f™'"  b°th  bran  and 
shorts  Aqueous  extracts  of  bran  gave  a  globulin  coagulable  by  heaf 
and  also  a  proteose-Iike  body  which  was  not  gliadin.  On  evaSrat^on 
o  this  proteose  extract  no  granule  corresponding  to  O'Brien's  Sdal 
aleuron  grains  could  be  obtained,  although  a  granular  mateSdrd 
separate  :  the  solution  at  the  same  time  exer'ted  a  very  stLgly  red  dng 
.ct.on  upon  l^ehling's  fluid.  I  was  unable  to  make  out  a  double  coa  to 
the  aleuren  grains.     The  substance  between  the  aleuron  gSns  se  ms  to 

It   h^?        ■'"'  '^""'"■"^  inorganic  iron,  calcium  Lts  and  phos! 
phorus-hoidmg  compounds.  ^ 

Vn.— Conclusions. 

nor  a?e''?hi;  ofthf '"'"  '°  '"'•'^""'  '""  ''''  ''""'  P^^^  -^stance, 
nor  are  the>'  of  the  same  composition.    Gliadin  has  not  a  definite  coa^u 
lation  point,  while  glutenin  ha.s.      Gliadin  is  obtained  from  rv'l  bX 
and  maize,  and  from   the  bran  and   shorts    of  wheat    Zile  Hute„T' 
cannot  ^  obtained  from  these.     By  chemical  or  other  me  .^fhs 
>et  not  been  transformed  into  anything  at  all  resembling  the  other 
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Hoth  tiliadiii  and  glutenin  invariably  (,'ive  the  reactions  for  orjjanic 
iron  and  phosphorus,  but  are  not  nucleo-proteids.  Under  the  micro- 
sco|>e  tiie  gluten  matrix  in  thin  sections  of  wheat  does  not  show  an)- 
indication  of  iron  or  phosphorus,  and  it  must,  therefore,  be  concluded 
that  the  organic  iron  and  phosphorus  found  in  gluten  is  due  to  nuclcins 
or  nucleic  acid  derived  from  the  nuclei  of  the  large  endosperm  cells. 
Probably  part  is  derived  from  nuclei  of  the  aleuron  cells,  or  of  the 
embryo  cells,  or  from  the  nucleins  present  in  the  cytoplasm  of  the 
embrj'o  cells. 

Gliadin  exists  as  .such  in  the  wheat  grain,  and  the  theory  of  its 
formation  by  means  of  ferment  action  is  not  justifiable.  Strong  alcohol 
mixed  with  flour  and  then  diluted  with  water  to  a  70  per  cent,  .solution 
extracts  gliadin  from  it  ;  boiling  alcohol  also  extracts  gliadin  from  flour 
or  bran. 

■  Glutenin  exists  as  such  in  the  wheat  grain  ;  any  manipulation  that 
will  destroy  the  hypothetical  ferment  will  coagulate  glutenin,  thus  mak- 
ing gluten  formation  impossible. 

Gluten  formation  is  not  merely  a  mechanical  mixture  of  gliadin 
with  glutenin,  but  a  definite  physical  state  of  the  two  mi.xnig  substances 
is  necessary.     Coagulated  glutenin  with  gliadin  does  not  form  gluten. 

There  are  probably  several  nucleins  or  nucleo-proteids  in  wheat,  as 
shown  in  the  various  ways  phosphorus  is  distributed  in  the  different 
types  jf  embryo  cells.  Organic  iron  is  found  only  in  the  nuclei  of  the 
endosperm,  aleuron,  and  embryo  cells,  and  in  the  cytoplasm  of  the 
absorption  layer,  plumule  and  radicle  cells.  The  proteid  between  the 
aleuron  grains  shows  the  presence  of  organic  phosphorus  only. 


The  Chemisirv  of  Wheat  Gli  ten. 


VIII.-BIBLIOGRAPHY. 


I.  Coiiimon  B(i 


I.  I. 


|i.  I]]. 


i.  Joiirn.  d.  Llicmie,  von  Cielilen,  \',  |>.  iji,  1805. 

3.  Abslr.  Si  liweiger's  Journ.  f.  Clum.  11.  PhyMk,  XXIX,  514. 

4.  I.ehrbucli  d.  Chemie,  jte  Aiitl.,  VI,  p.  453. 
3.   Burieliu^,  Jaliresb.,  VII,  p.  231,  i8ib. 

6    Schweijfer's  Journ.,  LXIX,  p.  188,  1833. 

7.  Ann.  de  Chem.  er  de  Phys.,   LXV,  p.   30  ;  Abst.,  Bcrzelius  Jahresb.,  XVIII,  327, 

■837- 

8.  Ann,  der  Cbem.  u.  Phariii.,  XXXIX,  p.  ng,  1841. 
q.   Ann.  dci  Chem.  u.  Pliarm.,  XLIII,  p,  124,  184]. 

10,  Journ.  t.  prakt.  Chcm.,  XXVIII,  p.  398,  1843. 

11.  Ann.  d.  Chem.  u,  Phanti.,  LII,  419,  1844. 
li.   Die  Getreidearten  und  das  Brot,  i860. 

13.  Journ.  fiir  prakt.  Chem.,  LXXXV,  p.  213,  i86a. 

14.  Journ.  fur  prakt.  Chem.,  LXXXV,  p.  193. 

15.  Annalen  der  Chemie,  XXXIX — XL,  1841. 

16.  Br.  Med.  |ourn.,  II,  p.  104,  1886. 

17.  Journ.  Physiol.,  XI,  p.  419,  1890. 

18.  Am.  Chem.  Journ.,  XV,  392,  1893. 

19.  Am.  Chem.  Journ.,  XIX,  p.  59,  1897. 

20.  Annals  of  Bol.,  1895,  p.  182. 

21.  Comples  Rendu>:,  1896,  p.  327. 

21.  Arch,  fur  exp.  Pathol,  u.  Pharni.,  XLI,  p.  345;  Abst.  Chem.  Central-blatt,  II,  1898. 

23.  Chem.  Ccniral-blatt,  I,  p.  465,  1898. 

24.  Journ.  f.  Prakt.  Chem.,  p.  474,  1899. 

25.  Archiv.  f.  Anat.  u.  Physiol.,  Physiol.  Abth.,  1900,  p.  163, 

26.  Proc.  Roy.  Soc,  I.,  p.  277,  1891-2. 

27.  Journ.  of  Physiol.,  XXII,  p.  95,   1897-8. 

28.  Proc.  Roy.  Soc.,  LXIII,  p.  471,  1898. 

29.  Journ.  Am.  Chem.  Soc,  XXII,  p.  379,  1900. 

30.  Berichte  d.  D.  Chem.  Gesel.,  1880. 

31.  Ann.  Agronom.,  XIV,  p.  420;  Abst.  Journ.  Chem.  Soc,  March,  1889. 

32.  Journ.  de  Pharm.  et  de  Chem.,  1883-84,  Ser.  3,  T.  VII. 

33.  Bot.  Zeit     :■■■,  .862. 

34.  Pringslieim's  Jahrb.,  VIII,  1872. 

35.  Journ.  Am.  Chem.  Soc,  1902. 


1 


